The isolation of certain pentacyclic triterpenoid compounds from the bark of Lithocarpus elegans by electrocoagulation treatment was innovated and studied to increase the utility of this technique. Lupeol (1) and betulinic acid (3) were identified in the electrocoagulated bark extract of Lithocarpus elegans while betulin (2), found in the untreated extract, was absent.
INTRODUCTION
Electrocoagulation, an electrochemical technique that has been used or is potentially useful in the treatment of a number of wastewaters, as well as in the production of potable water, involves the in situ formation of a metal hydroxide or metal ions by electrolysis. It is reported to be useful in removing ultrafine particles, various heavy metal ions, inorganic anions, colloidal suspension, oil and grease, aquatic humus, certain synthetic dyes, as well as tannins and polyphenols in the industrial wastewaters (Phutdhawong et al., 2000; Matteson et al., 1995; Tsai et al., 1997; Belongia et al., 1999; Pouet and Grasmick, 1995; Kongscricharoern and Polprasert, 1995; Chen et al., 2000; Mrozowski and Zielinski, 1983; Do and Chen, 1994; Buso et al., 2000; Mameri et al., 1998; Batoeva et al., 2001; Cenkin and Belevstev, 1985) . However, there is almost no study on the recovery of substances removed by this technique. As far as we know, only 2 papers have appeared in the literature (Phutdhawong et al., 2000; Batoeva et al., 2001) which studied the recovery of phenolic compounds from the coagulate resulting from the electrocoagulation process. There has been no formal study on the application of this method to recover natural products which are flocculated out with the metal hydroxide or the metal ion during the electrochemical process. To increase the utility of this technique for the isolation of certain potentially useful plant products, Lithocarpus elegans bark was selected for our study in the present work. Lithocarpus elegans (BL.) Hatus. ex Soep. is an evergreen tree known in Thai as "Gaw Mone" with no information on its chemical constituents so far available in the literature. The previous phytochemical investigations of the genus Lithocarpus (Fagaceae) revealed the presence of triterpenoids, steroids, and flavonoids (Arthur and Ko, 1974; Hui et al., 1975; Hui and Li, 1974; Hui and Li, 1976) . In the following study, the isolation of certain chemical constituents from the bark of this plant by electrocoagulation technique was carried out. As a comparison, the normal extract from the bark of Lithocarpus elegans was firstly fractionated and analysed with NPCC (Normal Phase Column Chromatography) combined with HPLC (High Performance Liquid Chromatography) techniques and the purified constituents of the extract elucidated by spectroscopic methods. The extract above was then separately subjected to electrocoagulation treatment, with subsequent recovery of the coagulated matter (Phutdhawong et al., 2000) , which was then fractionated and analysed using similar process employed above. (Phutdhawong et al., 2000) .
Electrolysis and Recovery of Electrocoagulated Compounds
The crude Lithocarpus elegans ethanolic extract (1.67 g) was dissolved in 25% ethanol in water (1 lit.). The resulting solution was placed in a glass jar (diameter 11 cm, height 23 cm). Two aluminium plates (dimension 30 x 10 x 0.05 cm) were used as electrodes. These were dipped 3 cm apart and 9 cm deep into the magnetically-stirred solution (1 lit.). Sodium chloride (2 g) was added as a supporting electrolyte. Direct current (2.0A, 16V) from a DC power supplier was then passed through the solution via the two electrodes for 2 hours. The resulting mixture was filtered through a Buchner funnel. All the precipitate was collected and left for 24 hours to dry at room temperature. The dried precipitate were dissolved in 10% hydrochloric acid solution (100 ml). The obtained acidic solution was then subjected to extraction with a small quantity of 1-butanol. Evaporation of the alcohol then afforded the recovery sample (0.98 g).
Fractionation and Analysis of the Electrocoagulated Sample
The recovery sample (0.30 g) was dissolved in 50% aqueous methanol and partitioned with CH 2 Cl 2 to give CH 2 Cl 2 /H 2 O fraction (LC33-DCM, 0.09 gm). This fraction was analysed by TLC (silica gel plate) developed with acetone : hexane = 1 : 5, compared with the CH 2 Cl 2 /H 2 O fraction of the previous untreated (unelectrocoagulated) sample (LC29-DCM). Then it was chromatographed over a silica gel column eluted with hexane, CH 2 Cl 2 , EtOAc, and MeOH, respectively to yield 5 fractions, i.e. fractions 33-1 to 33-5. Compound 1 (10 mg) was recovered from fraction 33-2. Fraction 33-5 (30 mg) was then subjected to reverse-phase HPLC using the same system as in the isolation of the components from fraction 25-8 to yield compound 3 (3 mg).
Instrumentation
Optical rotation measurements were recorded on a Perkin-Elmer 241 MC polarimeter. Melting points were recorded either on a Fisher-Johns melting point apparatus or a Gallenkamp melting point apparatus. Electronspray (ES) mass spectra were obtained on a Finigan Mat 900 XL double focussing magnetic sector spectrometer. 1 H NMR (500 MHz) and 13 C NMR (125 MHz) experiments, including COSY, HMQC, and HMBC techniques were carried on a Bruker DRX -500 (500 MHz). Chemical shifts (δ) were recorded in part per million (ppm). Reverse phase high performance liquid chromatography (RP HPLC) was connected to a Waters 501 pump or an ICI Instruments 1500 pump connected with the Diode array detection. Analytical TLC was carried out on aluminium plates coated with Merck silica gel 60 F 254 using acetone: hexane = 1: 5 v/v as eluent. Compounds were visualised under UV light (254 and 365 nm), then by phosphomolybdic acid spray and heated. NPCC was carried out using silica gel S (0.032-0.063 mm), under a pressure of a compressed air. Fractions were monitored by TLC.
RESULTS
After dipping with phosphomolybdic acid and heated, TLC chromatograms of LC29-DCM and 33-DCM fractions showed a prominently intense blue spot at R f value 0.68 and a pale one at 0.34 which correspond to lupeol and betulinic acid, respectively (Fig. 2) . Moreover, the HPLC chromatogram of fraction LC33-5 also confirms the recovery of betulinic acid compound with an apparently strong peak at R t 39.6 min ( Fig.  3a and 3b ) with the ESI mass spectrum (-ve m/z = 455, Fig. 3c ) for its molecular weight at 455. The spectral and related data of each isolated compound can be summarized as follows (Mahato and Kundu, 1994; Gonzalez et al., 1992; Tinto et al., 1992) 3H, s, 0.82 (3H, s, 0.94 (3H, s, 0.96 (3H, s, 0.97 (3H, s, 1.69 (3H, s, 1.96 (1H, m, 1.39 (1H, m, 2.28 (1H, m, 2.99 (1H, ddd, J = 17, 11, 6 Hz, 3.18 (1H, dd, J = 16, 5 Hz, 
DISCUSSION
The isolation steps carried out are summarised in Fig. 4 , with the normal isolation steps shown on the left hand side. The extra electrocoagulation step employed on the right hand side helped to fractionate components in the extract, as evident from the comparative TLC of the DCM extracts (Fig. 2) . Fewer components were present in the coagulated fraction with only lupeol and betulinic aid as the main constituents. Betulin and a few other components were prominently absent, presumably being left uncoagulated in the electrolysed solution. However, as to which components are coagulated and which are not are still unpredictable to us. Specifically, although that betulinic acid is coagulated is understandable, that lupeol is coagulated while betulin is not is still not readily explainable.
CONCLUSION
This study identifies 3 pentacyclic triterpenoid compounds, namely lupeol, betulin and betulinic acid in the bark of Lithocarpus elegans and shows that the electrocoagulation technique, mainly used in removing unwanted species from wastewaters, can be of use as a method of fractionation and isolation of certain natural products. 
